Reactive oxygen and nitrogen species (ROS/RNS) play a crucial role in inflammatory bowel disease (IBD) exacerbating the chronic inflammatory process. Endogenous and diet antioxidants can neutralize these compounds. The apple is widely consumed, with several antioxidant activity compounds. The present study evaluated the effects of concentrated apple extract (CAE) in acetic acid induced colitis. 29 Wistar male rats were randomized into 5 groups. G1-Sham/saline solution, G2-CAE/control, G3-acetic acid/control, G4-curative-CAE treatment and G5-preventive-CAE treatment. Eight days later, the animals were euthanized and the colonic segment resected for macroscopic and histological analysis. Gene expression was evaluated for inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), catalase and copper and zinc superoxide dismutase (CuZnSOD) by quantitative real time PCR, while protein expression was assessed for iNOS, COX-2 and 8-hydroxy-20-deoxyguanosine (8-OHdG) via immunohistochemistry. The groups G3, G4 and G5 had weight loss, while G5 had weight increase at the end of the experiment. The treatment with CAE reduced the macroscopic and microscopic injury, decreased iNOS mRNA expression and increased CuZnSOD mRNA expression in animals with induced acetic acid-colitis. The findings of the present study suggest that CAE treatment exerts an antioxidant role by downregulating iNOS and upregulating CuZnSOD.
Materials and methods

Animals and experimental design
Nine-week-old male Wistar rats (200-250 g) were received from Centro de Desenvolvimento de Modelos Experimentais (CEDEME), Universidade Rats were divided into 5 groups (n= 5-6 per group): group 1 was kept as normal and received no treatment and group 2 received only the CAE treatment. Group 3, 4 and 5 were subjected to the induction of experimental colitis by intra-colonic application of 1 ml acetic acid (7%). Group 3 was simulated as AA-colitis control; the curative group (G4) was treated with CAE 24 h after AA-colitis induction until the seventh day, and preventive group (G5) was treated with CAE for seven days before and seven days after colitis induction. The groups 2, 4 and 5 received the CAE (1 ml) orally by gavage (equivalent dosage of 4.37 mg polyphenol/day). All rats were euthanized on day 8 following the experiment.
Concentrated apple extract (CAE)
CAE was obtained from commercial source 
Analysis of gene expression data
To normalize the data for the control and experimental groups, arbitrary units were calculated as: arbitrary unit = 2-ΔΔCT and ΔΔCT = sample ΔCT-control ΔCT, where CT is the threshold cycle.
Immunohistochemistry
The slides were deparaffinized in xylene, dehydrated in absolute ethanol and washed with water. Antigen retrieval was performed in citrate buffer, pH 6.0, for 40 min in a steamer. 
Effects of CAE on macroscopic evaluation and histopathological analysis of the colonic tissue
After euthanasia, the macroscopic injury was evaluated with scores ranging from 0 to 12 points.
G1 did not score and G2 only showed hyperemia in some rats. G3 showed major damages compared to other groups. The G3 rats presented greater increased colonic thickening, ulcers, necrosis and adherence to adjacent organs. As expected, the AAinduced colitis rats presented greater colonic damage compared to sham and CAE control groups (P<0.001). There was difference between the CAE treated groups and G3 (non-treated group).
Treatment with CAE in G4 and G5, significantly decreased the intensity of macroscopic damage (P<0.05). In addition, only 1 rat of G5 presented the adherence to adjacent organs (Table 1 ; figure 2 ).
Regarding the microscopic analysis, the sham and CAE-control groups (1 and 2, respectively) presented all intact layers. On the other hand, rats exposed to AA showed severe colonic inflammation characterized by crypt destruction, mucosal ulceration, erosion, edema and multifocal inflammatory cell infiltration in submucosa. The mucin depletion was more evident in the AAinduced colitis group (G3). There was no significant difference between groups 3 and 4.
Nonetheless, the difference between groups 3 and 5 was observed (P<0.05) ( Table 1 ; figure 3 ). 3 . Photomicrograph of the hematoxylin and eosin-stained of colonic sections in the different groups. A) G1 -sham and B) G2 -CAE control groups: normal cellular architecture of the colon; C) G3 -AA-induced colitis group, D) G4 -curative CAE treatment and E) G5 -preventive CAE treatment: intense inflammatory infiltrate, ulceration and distortion of cellular architecture with 40X magnification. F) Score of histopathological analysis (* p<0.01 G3, G4 e G5 vs G1, ** p<0.01 G3, G4 e G5 vs G2, # p<0.05 G5 vs G3) -ANOVA -Tukey.
Effects of CAE on iNOS and COX-2 mRNA expression in colonic tissue
Increased expressions of iNOS and COX-2 in colonic tissues during ulcerative colitis were related with exacerbation of the inflammatory process. Our data showed high-regulation of these mediators on AA-induced colitis. Nevertheless, we observed a significant decrease of iNOS mRNA expression on curative CAE-treated group (G4) in comparison with non-treated group (P<0.01). In addition, we observed a decrease of COX-2 mRNA expression in the same group but without statistical significance ( Table 2) .
Effects of CAE on antioxidant enzyme Catalase and CuznSOD mRNA expression in colonic tissue
Regarding CuZnSOD mRNA expression, the curative CAE-treated group (G4) showed a significant increase of CuZnSOD (P<0.05) when compared with the non-treated group (G3). On the other hand no difference was observed on catalase mRNA expression.
Immunolocalization of iNOS and COX-2
Regarding iNOS immunolocalization, the CAE-treated groups, especially group 5, showed decrease in ulcerated area but without significant difference. On the contrary, the treatment with CAE did not alter the COX-2 immunolocalization (Table   3 ; figures 4 and 5). Data are presented as mean± standard errors. *number of positive staining cells per 1000 total nucleus counted on the upper region of the crypt. 
Effects of CAE on 8-OHdG expression in colonic tissue
The sham and CAE-control groups presented low marked nuclei and low labeling index in comparison with AA-induced colitis and CAEtreated groups (P<0.001). Despite, that no significant differences were detected when animals were treated with CAE, either before or after colitis induction. The results are summarized in Table 3 It is known that NO produced by the inducible isoform iNOS generates free radicals such as peroxynitrite and hydroxyl radical. The damage caused by these radicals to the guanine base generates the 8-OHdG, which in turn, becomes a powerful marker of oxidative stress (29 (30) . Given that ROS are mainly produced inside organelles such as mitochondria (31) and cellular bodies, these organelles are among the first ones to be damaged by ROS. In addition, accumulating oxidative damage could affect the efficiency of mitochondria and further the increase rate of ROS production.
The CuZnSOD protects aerobic cells against O 2 toxicity and lipid peroxidation (32) . In the present study, the CAE treatment was able to increase the levels of CuZnSOD mRNA.
Regarding the differences found between gene expression and immunoreactivity data, the present study suggests that the CAE treatment on AA- 
